Abstract
Introduction
Understanding the mechanisms of cardiac regeneration and repair after myocardial infarction is an important subject of contemporary medicine. The effects of experimental myocardial infarction were frequently reported [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] 
. Indeed, according to PubMed database, there are 3840 titles (from 1956 to August 2011) for the 'rat myocardium infarction' search! Experimental myocardial infarction shows two different zones: (a) the central zone where most of the normal myocardial components (cardiomyocytesCMs, interstitial cells, capillaries) are disintegrated; (b) the border zone with acute hypertrophy, followed by chronic hypertrophy (even after the healing process is over), and tissue remodelling.
Previously, our group documented the presence of a distinct interstitial cell type in heart [17] [18] [19] [20] [21] [22] [23] 
. The term telocyte (TC) was coined for these cells, and telopodes (Tps) for their very long (tens to hundreds of m) and moniliform prolongations

. Tps are an alternation of thin segments (podomers) and dilated segments (podoms). Podomers are very thin (up to 0.2 m), below the resolving power of light microscopy, explaining the fact that
TCs were overlooked [20] [21] [22] [23] . The concept of TC was taken up by other Laboratories [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . Moreover, Liu et al. [37] reported the distribution of TCs in rat heart: more in atria than in ventricles (20 versus 
Materials and methods
Rat surgery
A number of four Wistar male rats (average weight of 270 g) have undergone surgery for ligation of left anterior descending coronary artery (LADC), in accordance with the Institutional Ethical Committee approval.
For rat myocardial infarction the experimental protocol was adapted from that used by Odörfer et al. [38] .
One 
Transmission electron microscopy
Thirty days after permanent ligation of the LADC, the rats were killed by cervical dislocation. The hearts were harvested. Small fragments (1 mm 3 ) of rat ventricular myocardium (infarction area and border zone) were processed for transmission electron microscopy (TEM) according to routine Epon-embedding procedure, previously described [17, 19, [39] [40] [41] . 
Immunocytochemistry
Immunohistochemistry for VEGF and NOS2 was done according to the protocol reported by Suciu et al. [42] and Popescu et al. [43] .
Laser capture microdissection (LCM), RNA isolation and microRNA qPCR
Cell cultures and methods used were previously described [44] . (Fig. 3) which enables the positive diagnostic [47, 48] . The myofibroblasts are particularly responsible for matrix remodelling. (Fig. 4) formation (e.g. capillary-1 in Fig. 4 (Fig. 8B) or 40-100 nm (Fig. 8C) (Fig. 9) . In Figure 9A (Fig. 9) , or surrounding them (Fig. 10) .
Thirty days after the LADC ligation, a process of recovering characterizes the border zone of the myocardial infarction
elements can be recognized in this image: (a) abundant deposits of collagen fibrils (coll), cross or obliquely cut; (b) damaged cardiomyocytes (CM), 'homogenized' myofibrils, only positions of Z lines being recognizable; (c) apoptotic interstitial cells (IC), and apoptotic bodies.
Fig. 6 Typical echocardiogram of rat experimental myocardial infarction (30-day-old). The black arrow indicates the dyskinetic region of ventricular free wall corresponding to myocardial infarction area. The corresponding ECG in the lower part of the figure shows typical elevation of ST segment, suggestive for acute myocardial infarction.
Fig. 7 Rat experimental myocardial infarction. Border zone: 30-day-old. Transmission electron microscopy. A new-formed blood capillary with an anfractuous and narrow lumen is shown (brown colour) in the mass of collagen fibrils (coll) of the scar. This is surrounded by two telocytes (TC1 and TC2 -blue colour) and their corresponding telopodes (TP1 and Tp2). Typically podoms (dilated portions) and the intercalary podomers (thin portions of Tp) can be observed. At the level of podoms there are many mitochondria (m), elements of endoplasmic reticulum and caveolae. Note the close spatial relationships between telopodes and endothelial cells. The space between telopodes and the membrane of endothelial cell is occasionally less than 50 nm and there is no visible endothelial basal lamina.
Fig. 8 Higher magnification of the fields marked by colour rectangles in Figure 7. (A) A nanocontact of about 1.45 µm long between the telocyte (TC) and the membrane of the endothelial cell (E) is marked by the green dotted line. The asterisk indicates the intercellular space between TC and E. No endothelial basal lamina is present. (B) A nanocontact of about 0.45 mm long between the E and TC is indicated by the red dotted line. The asterisk mark intercellular space without endothelial basal membrane and the two arrows show possible electron dense 'feet' connecting the endothelial cell membrane and the TC membrane. (C) A nanocontact of 0.36 mm long between endothelial cell membrane and TC is indicated by yellow dotted line between the endothelial cell membrane and TC membrane. No basal lamina is visible in the extracellular space between the endothelium and TC (asterisks).
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Vascular smooth muscle cells (VSMC) and endothelial cells (End) have many caveolae. Note the alternation of podoms and podomers. Podoms contain: mitochondria (m), and endoplasmic reticulum (ER) and caveolae (cav). (A) Shed vesicles (sv) are released from podoms. A vesicle cargo multivesicular is formed from a podomer (B) and another one is formed from a podom (C). coll: collagen. the plasma membrane of the Tp and the endothelial cell membrane is 50-70 nm
The new-formed blood vessels have typical tall endothelial cells with numerous organelles and a narrow and anfractuous lumen (Figs 11 and 12). The endothelium has many transcytosis vesicles.
Immunocytochemistry performed show positive reactions of TC for VEGF and NOS2 in normal heart (Fig. 13) . In the border zone of the myocardial infarction positive expression for both VEGF and NOS2 is shown by cells with similar appearance with
Fig. 10 Rat experimental myocardial infarction. Border zone: 30-day-old. Transmission electron microscopy. A telopode (Tp -blue colour) is located between three new-formed capillaries (cap). At the level of capillary A, basal lamina and fragments of pericytes (asterisks) are visible. The capillary endothelium (brown colour) has many vesicles of transcytosis. Note the alternation of podoms (containing mitochondria, endoplasmic reticulum and caveolae) and podomers (thin segments) -arrows.
TC. These cells are located in the close vicinity of blood vessels having close spatial relationships with them.
Because the data suggest that TCs are intimately connected with the neovascularization after myocardial infarction, we have investigated whether TCs are expressing angiogenic microRNAs. Cardiac TCs were isolated from the first-passage cultures by laser capture microdissection (Fig. 14) and the expressions of microRNAs were determined by RT-qPCR as previously described [41] . The data presented in Figure 15 show that several microRNAs with angiogenic functions are present in TCs. [49] . The direct contact of endothelial progenitors with 'ventricle slices' (presumably TC !?) seems of importance for angiogenesis [50] .
Discussion
Angiogenesis is essential for myocardium repair and remodelling after myocardium infarction. Direct intercellular communication of endothelial cells with other cells is crucial for an efficient vascular formation
It is widely accepted that after 30 days of experimental myocardial infarction, the border zone of the lesion is characterized by neo-angiogenesis [13, 51] . Generally, there are many types of angiogenic factors: e.g.
(a) growth factors and their receptors; (b) matrix proteins and proteases; (c) adhesion molecules; (d) microRNAs and transcription factors.
We used a trio of methods (morphology -transmission electron microscopy; immunocytochemistry -VEGF and NOS2 expression and molecular biology -angiogenic microRNAs expression), which showed the involvement of TC in neo-angiogenesis, in the border zone.
Electron microscopy
In the border zone of myocardial infarction the relationships between TCs and new-formed blood vessels are obvious. TCs have close vicinity with new-formed blood vessels (capillary and/or arterioles), but also with the preexisting blood vessels.
The space between TCs/Tps and the abluminal face of the endothelium is sometimes less than 50 nm, and therefore in the macromolecular-interaction range. Anyway, TCs establish heterocellular contacts also with CM as it was previously described [52] .
TCs/Tps release shed vesicles or exosomes. The roles of exosomes are not understood, but they seem to play an important role in intercellular communication [53] . Shed vesicles (Fig. 16 ). An 'exosome therapy' could be taken into account as a future possibility [54, 55] .
Immunocytochemistry
Immunocytochemistry done for NO and VEGF confirmed our previous studies regarding the presence of TC in normal myocardium. After 30 days of myocardial infarction, interstitial cells similar to those described in normal heart are found in affected myocardium. [41] [42] [43] . These data could be relevant because TC may promote and/or modulate angiogenesis after myocardial infarction via VEGF and/or NO secretion.
At the level of cell body and cell prolongations these cells have positive expression for NO and VEGF, as it was previously reported in other organs
Angiogenic microRNAs
The human genome encodes 1048 microRNAs, which virtually regulate all biological processes [56] [57] , miR130a [58] , let-7 family [59, 60] , miR-10 [61] , miR-155 [62] , miR-503 [63] . Another pro-angiogenic factor, miR-21, induces HIF-1␣ and VEGF expression and activates both AKT and ERK pathways for mediating angiogenesis [64] . The clusters of miRNAs which include miR-27 are highly expressed in ECs and repress the anti-angiogenic proteins Sprouty2 and Sema6A [65] . The proliferation, migration and tube formation of ECs are regulated also by miR-100 [66] . Also, miR-143 is abundant microRNA in vascular smooth muscle cells and it was found down-regulated in diseased arteries [67] .
Interestingly, TCs express both stromal specific [44] There is a good correlation between electron microscopy and immunocytochemistry because it is well known that experimentally induced ischaemia results in a dramatic increase of VEGF levels in myocardium [68, 69] . Moreover, VEGF appears to act by local up-regulation of NO production [70, 71] .
Since telocytes are CD34 positive [20, 23, 41, 43] , our results support the assumption of Kumar & Caplice [72] [73] demonstrated that CD34 positive cells secrete vesicles (exosomes) that have independent angiogenic activity, both in vitro and in vivo. But Figure 9 (A-C) [74, 75] . Anyway, preliminary studies in our Laboratory showed that TC are PDGF-R positive, like pericytes, in other words PDGF-R is not a marker for pericytes (Popescu et al., in preparation) . 
